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SDUrCe energie S. l))alnly by Crrn)ptoJl sc~ttcr!jl~ In air. The dOSO fro~l elcll 0[ Li]e resul.in::

eccrgy intervals V+~\S~:il~UlateCi a)]d plo[[cd RS :1 [].:l~tion rj[ tl)c total (iose. This \vas seen (C

~~OLIIIroughly into three regions. IvI[h IIKIXIIII,I at 100, 700, and 1500 kev. An exposure to su~,h

~ source w~S thus ~!~e resultant effrct 0[ p:~r[l:~l doses from e~ch rcg)on, n)hlilng the exposul c

cnerqy conditions (~~llte different from tImSC Of ~he ~llnic Or l:~borator~.
Fl@re 1.2 ill~lstrates the dose spec(rum of +day-old [alloLlt [rem :1 cloud sample. In the

~bscnce of ott~cr dnt~ to the contrary. th)s had to be taken as representative 0[ the [allout on
~11 of the islands. At this time the proportlojl O( low ener:y romponent was It Its n)ax~mun).

~rin~ the seve~al dlys before and after this tlrne, the gener:ll slmpe of the spectrum appar-

ently ctid not vary grossly [ron) that ]Ilustratcrt here, since the observed flux decay ri~tes

closely followed that of the observed gamma dose rate. For the period between [allout .lnci

surveys, therefore, a knowled:e of instrumen[ I csponse to e~lch energy region allowed a total
correction factor to b? calculated. The instruments used were cNIlbr?ted just prior to the

surveys, and thclr rendlngs have been corrected for ttle spe~trunl sh~pe here Illustrated.

1.4.2 Rate of Decay of the Fallout Wxture——.—..—.

Decay r~tes of fallout samples )vere me:’.sured in the field and In the la bor~tory, where J
fairly consistent pattern was observed amon~ r~l,ious Iocatlons and samples. In addit~on,

theoretical conslcleratlons based on the raciiocllemlcxl con)~osltion of [!le fallout ro]xture per-
mitted decay rates to be calcul~ted for different intervals betl)’ccn the times of Initial exposure
and later survey readings. These agreed well w~th the experimental data, and were used both
in the dose calculations during the exposure ]ntcr-vals and in extra polatlnfg [he later survey
readings to earl)er tlmcs.

1.4.3 Tlrne of Arrival of the R?cfionctlve Cloud, Duration of the Fallout, and Time of Evacua -—- ——— . .._. .— -
tlon for Ezch Case

_-— ——— —

Only the time of evncu~tlon is known accur~tely for all the Islands. On Rongerlk, however,
the time of arri~, al 0[ the r~dioactlvc cloud WQS cteterrnlned precisely by the continuously re-

cording dose r~te rnonltor It the weather stat] on. The fallout became v~sible at the time the

~ns~runlcnt first ]ndlca ted the presence of a radl,{tlon flelci above background. The malerifil

had the zppear-ante of snow. The tlmcs O( bcglnr)lng of fallout on Ron~elxl) and Allin~lnae

were estimated from slmll~r visual observations, comb]ncd witil knowledge 0[ (he rcl:~tivc

dlstanccs of these atolls from ~lklni anti the wind velocities li] tl)c are:{. F:lllout M’.1sJIot ob -

scrvec[ on Ut]rlk, hence the estimate of arrli’al time (here u~as mzdc on the tmsis of lhc [{on:yc -
rlk fallout time, w]ncl, ant] distance factors. ‘

Two extreme possibilities cYIst relatlve to the duration of the flllcut the flrs~, that Lhe
fallout occurrccl entlrc]y wlthili n short Llmc; the scconci, th~~ It was gradual ~nd cx[encied over

a period of m~t)y hours. The monitorln[g Instiurnen[ on Rongerlk went olf-scc.le at 100 mrlhr,

1/2hour after the CIOSCra(c be~mn [o rise above b~ck~rcrund. If this r~te of lncre,~>c 1s cxtrz -
pol~ted to a point for which subseq~lcnt cicc:~y ~{’oul[i reduce the dose r:lte to the volues found at
later times, a lon~ [~llout is lrnl)l led, This was t:iken IS one Iirnlt!r)g CJSC, LInd col resporldlr)~

doses were calculalc[i. Rowever. the posslbll]ty cfocs not seem great that tills actually oc-

curred. Existing dzta are inconclusive, but scvcx ill lnciicl(lons tcnrting to [aver lhe short tlmc

hypothesis are summarized below.

First: a lonK fzllout probai)ly would not be unlfornlly he;~vy throughout, the f]ist port]orl

beln~ the most Intr!nse And t])c ba]fincc talllng off. The tolnl plrenomenon thus tends tow.~rd
the effe(:t of z sl)ortcr f,lllout, “~hls IS suppor(c(i by nlol)l[or d(l(:l fronl other nucle:lr events.

p;iss over lhe Islar](ls ,rl :1 collsldcr:ibly stmr[cr tln]e.

Thlrrf: tllc :Iccoui; [s of the vlslblll(y of [he [.lllout) :~lthoup, h Con[lictlr)g, do no~ seem 10

indlr-a[c such l:~tc ccss:itl{)n.
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W-525 _ .——-_..__.___—.—--———-



i

. . . . . .. . . . . ““m ..-. . . . . . . . . . . .

. . . . . :. :,. . . . . . .
. . . . . ... . . . .
. . . . . . . . . . . . . . . ,.. ,
. . . . . . . . . . . . . . . . . . .. ::..: .“

Fourtl]: doses ca!culateci On the long fallo,.]t hylmthcsis are 10wex’ than those rhIe’ to a short

f., ]!oui, sln~e ~ short ‘~llo~t rlLllcklY deposits z I:\r!Ie remount 0[ acti~’iiy. On ?,ol)ger]k, ~ se~ ~[
~il,l, bld~c rc2dlngS covered the range i]steri belo,v. Several badges v,crn both OLlldOOrS and

~l)~ldr buildings on the Island read 30..Gs r , .Incl one bfitige which remtlneci outdoors o,..er [he

28 5 III. pe”rlod read 98 r. Another group kept ,Ildoors ]Ilslde a re[rlgerqtor read 38 r. These

d,,:;,; V:IIUCS represent a variety 0[ conditiollsj bu~ conslrtering the shir!lcfing and attenuation

(:ILLOI’S, :~rc ~onsistellt ~J’lth the aSSL1mP~IOI~ th~t ttlc dose reached the calculated upper Iln]lt

O:IISId C, ~L@in fJVOI_lIl~ the shorter [~IllOUL hwo~hcsls. The upper Ilmlt Of 98 r lvlli result 1[ it
is :lssun~cd ttlnt the fallout l~~sted one ho~lr durinq V.’hlch tt~e lntensl[ics rose frOIJI zero to t~,e
nmlrll~lln dose rate whlc}~ then rfec~~e~ to v~lues ~~ser~ed l~ter. ~ long fallout WL1l not pro-
ducc such a hlf;h dose of rfidiatir)n.

Fifth: on Utlrik,onl Y :L short flllout time IS consistent with the later dose rates observed,

provided tl~e fallout beg:~n as late aS was estimated from Wind and distlnce factors. A one

hour durltlon’ of fallout aPPears likely. CM the other islands the actu?l fallout time 1s kno\vn
to h:tvc exceeded one hour; however, sirice the approximate dose discussed zrbo~’e was seen to

[It lIIC (Ilnl data on Rongerik, it W:lS used for the other islands as IIstect in the calculations m
~t.rle 1.1. The hour limit is thus “an effective vxlue.’f

If the long fallout c’lse is also considered, a low~r limit for the dose may also be est:-

mated, though the upper limit 1s taken as most probable. The ranges are then ~s follows:

Ron;crik 50 r–104 r; Rongelap 102 r–175 r; Ailinginae 53 r–69 r; and Utirlk –14 r.
The dose value for Rongerik given in Table 1.1 is 75 per cent of the short fallout case

value, averzged for 28.5 and 34 hour exposures, This best expresses the average a~r dose re -

ceivecl by personnel who spent roughly half their time inside structures where the dose rate
was later found to be rou~hly half that outdoors. On the other islxnds no such shielding was

prescn~.
Figure 1.3, for the Rongelap atoll, illustrates the cumulative dose as a [unction of time

after the detonation. It can be seen that the rate of delii, ery of the dose varied continuously,
the major portion being received at the higher dose rate prev~il)ng in the early portion of the

exposure period. By the time that 90 per cent of the dose had been received, for example, the

dose rate had [allen to less than 30 per cent of its Initial value. Tl)us the dcsc rate of exposure
di[fcred markedly lrom tlmt usuzlly encountered us]nrg x-ray units.

1.4.4 Geometry 0[ the Exposures

A thlrrf difference between the type of exposure encountered here ~nd other external ex-
posures lay in the gecrmetry 0[ :he source. These doses were delivered from z plane source,

so tlmt the radlatlon [Ield d!ct not [OIIOW the n;irruw beam geome(ry usually employed expcrl -
mentally. In such a dlfftise 360° field, tt)e decre:lse of dose with cicpth in t]ssue is less pro-

nounced ti)an that rcsultinrg from x unll:lteral or bilaterml exposure to zn X-ray bexm, so that

~’ j Q ~ for a given energy, the dose at tt]e cenler L)[ the ~bcfomen 1s app Ioxinlately 50 pcr ccnl higher

I

I

I

than a given alr dose would imply [or- the n:lrrow beanl case. F!gurc 1.4 ]Ilustrltes an ex-

perimental simulation of the f~eld geomelry using a spherically orien[ecl group of Co60 sources
with a phantom p!a(cd Ot tt)cir renter, compared with a cor~ventional depth dose curve ot)t~ined
wltl] x single source. It would np])ear under the clr. curnstances th:~t tl)e mlrillr)e dose, ra:l)er

than dose rnensured in air, would be the better plran)eter in terms predicting biological cf -

feels. On this ‘msi:;, the air dose values st~[ed LIITable 1.1 SIIOUIC1be multiplied b:; rrpprox]-
In:((ciy 1,5 In order to con]l)ore their e([e(ls to tl)ose O( an exposuz C usirlg 2 narrow helm

geonle~ry. 1{ lhis is done, zssuming a [fist f:~llout of one hour, tl)e follo.~flng CtoSCs lil terms of
an air dose under Iabor; itory conditions result: Ron:el~}] ’260 L’, ).ilin!; lnae 1!)0 r-; Rorr$erlk
120 r; ~ncl Utlrik 21 r
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Fig. 1.3 Cumulative Dose as J Fcmclion of Time After the Deton.~tton
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I CHAPTER 2

CLINICAL OBSERVATIONS AND THERAPY

2.1 iNTRODUCTION

It was known immedia[c!y t.hal the exposcrt groups had received a slgoificant amount 0[
penetrating ractiallon to the elllire body, exlensive contamination of the skin, and possible inter-
nal (Jeposilion of radioactive m,lterlals. It ‘was Ihcrefore decldcd (hat clinical observations
V:OUICIbe us extensive and frequent as [acillties ~nd personnel permitted in order to recognize
and care [or radiation effects as early as possible. Accordingly con)plete in]t]al hlstorlcs ~nd
physical examinatloos with numerous follow-up cxan~lnations were cfirrled OU:. Surveys of the

skin were conducted at frequenl intervals and the detalleri skin findings are rcpor[eci lo chap[er

3. Extensive F,emat.ologlcai studies were conducted, the detal[cd results of which arc prc>entc(i
in chapter 4. Results of examlna!l(,ns ior urinary excre(lun 01 rticiiolsotopes are reported In

chapter 5.

In addition to periodic- examlnotions, rout!nc sick caU was t,eld twice dally. Med)cal CJr C
WIS available at all times :~nd hosp:tal facl~l[les were ‘~v?.il:ib~t? xt the Kw~jalcin NIV:+} f)lspen -

sary.

In view of the widesprelci conflicting opinions in regard to the Va”JC of various prophyllc(lc

and l]lcrapeu[lc n]easures in treat rnel)~ of r~(!l:~[ioi] ef[ects, It w.is decided )n zci\, ancc [1). it

lhcr:(py would not I)e given arbitrarily t)ut would be Lnstltutcci as indlc.i:ecl cl]nlcall~; for spe -

ci[lc condil]ons on an i!ldivldu:~l basis, llowcvel, if severe gr:{ll(]~o[:y[o[]cni;~ clc], eloped (lj~:luw

1000 cells/cm) the j]rophylacl]c usc of antlb]o[ics WJS [o be consiricreci. Whole blood transfu -

f;~ons were Ilkcw]se to be usc(i only ill case 0[ dcvelopnlenl 0[ serious ancnllzr.

2.2 SYMPTOMS AND SIGNS RELATED TO RADIATION INJURY. ..— —... . .

Scvera! symp~orns [h:~t developed (iurlng the first day or two after ex~osure probably were

n(tributab]c [O radiation, I[chillg and burnlnl: 0[ the skin nnd eyes during tl)ispcr~o(l occurred [n

over one quar[er of the Rongclaj) popula[lon, to a lesser extent m the Allinglnac and to :1 very
sl]ghl e.x[cr)t in the Arncric:lns. Tt)e sk]n synlic~rnatolo~y’ n~ight ll:i~fe been CIUC ]n pal t to [he

marked alkalinity 0[ tile fallout n;aterl:~i (cn Lclurl, oxlcip), About t~, o thirds 0[ tl]c i{on~el,li)

group reportrd na, [sea ctullng tills early period :illd one tcll[h 0[ tile group rrpor[ec! Ionllt]rig

and cilarrhca. OIlly or]c Arlln[:in:~~ II IL II V1[IU.1[ r(~[)or’led rmu.sea, Tt)c people 0[ Utlrlk and the

Anlericans developed no sl[{ns or syn]ptoms lhat m]glll be rcll(cd [0 rtldl;ltl~n.
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